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Abstract 


Cultivating the most important staple food crops in Jordan, both bread wheat (Triticum aestivum L.) and 
durum wheat (Triticum durum Desf.), faces critical problems regarding food security anxiety. In addition, 
climate change and global warming have affected wheat production in Jordan. An innovative, practical 
technology that comprises new management practices, equipment, fertilizers, herbicides, and improved 
varieties has been introduced as a step on the right track towards facing food security challenges. In this 
study, two varieties of Triticum durum the improved variety (MARU1) and the local cultivar (HOURANI) 
were examined, under field conditions at Maru Agricultural Station in northern Jordan during the 2016-— 
2017 and 2017-2018 growing seasons. Treatments applied were fertilization (four different combinations) 
and weed control method (three combinations). In both growing seasons, both grain yield (GYLD) and 
biological yield (BYLD) were significantly increased when planting the new variety (MARU1) and combined 
Urea+DAP (F1) and also 2,4-D+Antilope (W3). Using the full-package technology was proven to be crucial 
for improving wheat yield potential in the rainfed dry land of Jordan. Implementing technology transfer and 
adopting an improved variety and proper crop management techniques have significantly enhanced farmer 


livelihood, increased profits, and mitigated food security anxiety. 


*Corresponding Author: Khaldoun O. Al Sane D4) Khaldoun_mk@yahoo.com 


Khalaf et al. Page 21 


Int. J. Agron. Agri. R. 


Introduction 

Many critical problems facing the production of 
Jordanian bread (Triticum aestivum L.) and hard 
wheat (Triticum durum Desf.) such as climate change 
and the old production package.(Al-Ghzawi et al., 
2019; Choudhary et al., 2018). Jordan is a 
Mediterranean country which is considered as one of 
the driest countries in the region and has the lowest 
levels of water supply resources (Ismael et al., 2018). 
The adverse conditions of climate change and rainfall 
fluctuations with poor distribution would negatively 
affect wheat productivity and the whole rainfed 
agricultural systems in Jordan (Shakhatreh et al., 
2013; Al-Ghzawi et al., 2018, 2019; Anbar et al., 
2020). Actually, Jordan is severely affected by climate 
change and global warming associated conditions by 
which it would be predicted, according to Jordanian 
Ministry of Environment Records (2009), to have 
decreasing trends for precipitation (8-20%) and 
(1.0-2.8°C), 
especially in the northern and western parts of the 


increasing trends for temperature 


country (Al-Ghzawi et al., 2018). The low level and 
instability of Jordanian wheat yield reflected these 
problems (ICARDA, 2010). In fact, Jordan production 
package is very old and needs an urgent modification 
to address the problem of low yield and associated 
challenges of climate change (FAO, 2018). Production 
package has to be implemented, and this must take 
place in a step-wise linear manner and is meant to 


emulate the shifts in technology. 


To solve the above-mentioned problems, there is a 
need to update the production package into the 
farmer's fields in Jordan. This can be applied via 
using improved stress tolerant wheat varieties, adding 
fertilizer, and using herbicides for weed control 
(Awada, 2012; Shakhatreh et al., 


our recommended package should be developed in a 


2013). Actually, 


way that a new cultivars are being released which are 
tolerant to climatic change associated conditions in 
Jordan (ICARDA, 2010; Ajlouni et al., 2011). Indeed, 
breeders in Jordan work along with farmers in a 
participatory approach starting from initial breeding 
nurseries in which the selection is conducted within a 
large number of genetic materials and resulted in 
developing varieties of general superiority and wide 


adaptability to a wide range of climatic conditions via 


targeting morpho-physiological, agronomical, and 
qualitative traits of durum and bread wheat. (Abdel- 
Ghani, 2008; Ajlouni et al., 2011; Al Hiary et al., 
2015; Joudi, 2017). 


Updating this package should be coupled with new 
and proper fertilization protocol. Actually, Soils of 
Jordan are characterized by its poor fertility due to 
being cultivated many centuries ago. This has been 
accompanied with low organic matter content, high 
pH and carbonates (El Zuraiqi et al., 2004) which 
make most of the indigenous nutrients in the soil low 
in content and restricted in their availability. 
Practically, the farmers, in rainfed agricultural 
systems, have been applying mainly organic fertilizer, 
while in irrigated areas usually have been applying 
chemical fertilizers along with organic fertilizer more 
than needed by crops (El Zuraiqi et al., 2004). They 
have indicated that yields of field crops grown in the 
rainfed areas could be significantly enhanced by using 
proper fertilization. In a study testing a well-adapted 
wheat germplasms conducted in four Mediterranean 
countries including Jordan, Savin et al. (2022) 
reported significant variation in grain yield among 
tested germplasms in the 16 experiments. They have 
found that yields for the fertilized rainfed crops were 
much higher compared to the unfertilized control 


crops. 


Critical weed management and control practices must 
be updated in wheat production areas in Jordan 
(Turk and Tawaha, 2003; Chhokar et al. 2019; 
Qasem, 2021). It is well known that weeds negatively 
affected wheat production. Weed compete with wheat 
crops for soil moisture content, nutrients, light, and 
space, reducing wheat vigor, tillering capacity, head 
size, and other yield components (Yasin et al., 2010; 
Kaur et al., 2018). Weeds also provide shelter for 
harmful insects and pests, causing considerable yield 
reductions (Kaur et al., 2018). In addition, weeds 
lower the grain quality and the product's market value 
and increase the cost of harvesting, threshing, and 
cleaning (Yasin et al., 2010; Kaur et al., 2018). 
Herbicide combinations have often been applied to 
control a broad spectrum of weed flora in wheat 
fields, including narrow- and broad-leaved weeds 


(Kaur et al., 2018; Chhokar et al., 2019). 
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Despite that many researchers shows that the full 


package (improved cultivar, fertilizer, using 
mechanical drilling, and using broad- and narrow-leaf 
herbicide) gave the highest yield, but in some cases, 
the farmer cannot have the ability to apply all 
components of the full package. Therefore, this study 
aimed to find the most important components of the 
full package, in order to help the Jordanian farmers 
who cannot apply all the components of the full 
package, to choose and give priority for the most 
important component of the full package that will 
have highly significant results on their yield and 


production. 


Materials and methods 

Experimental conditions 

Wheat seeds were sown under field conditions at 
Maru Agricultural Station in Irbid governorate in 
northern Jordan (32°33' N latitude, 35°51' E 
longitude, and 589 m above sea level; Al-Ghzawi et 
al., 2019). Maru has typical Mediterranean climate 
conditions with hot and dry summer and average 
annual precipitation of about 380 mm. The soil of the 
experimental field was classified as silty clay with a 
pH of 7.8 (Table 1). 


Table 1. Soil chemical and physical analysis results 
for the experimental site at Maru Agricultural Station, 
Irbid, Jordan 

Chemical and physical properties 


P% 1.16 
K% 1.94 
CaCO3% 1.90 
N% 0.10 
PH 7-75 
E.C (ds.m“) 0.42 
Clay 56.20 
Silt 33.80 
Sand 10.00 


Experimental layout 

Experimental plots were managed following the 
National Agricultural Research Center (NARC) 
management practices but with modifications, 
through which an old production package was much 
improved as an urgent modification has to be 
implemented by this research work including; an 
improved variety of wheat, fertilization treatments 
and weed control treatments in order to try to 
minimize the yield gap effect, and hinder the problem 
of low yielding and associated challenges of climate 
change (ICARDA, 2010; FAO, 2018). The experiments 
were performed from December to June 2016-2017 


and 2017-2018 growing seasons (Fig. 1). 


Main plots 
V1: ACSAD 1275 
V2: HOURANI 


Subplots 

F,: Urea + DAP 

F,: Urea 

F,: DAP 

F,: Without fertilizer 


Sub-subplots 

W;: none 

W,: 2,4-D 

W,: 2,4-D + Antilope 


Fig. 1. The experimental layout in which treatments were assigned to the main plot, subplots and sub- 


subplots. 
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Plant material 

The varieties tested were; MARU1 is a new registered 
variety of hard wheat (Triticum durum Desf.), 
because of scientific cooperation between the Arab 
Center for the Studies of Arid Zones and Dry Lands 
(ACSAD) and NARC in Jordan and it is labeled under 
"MARU1" after the registration. Field and laboratory 
experiments showed that this variety has high 
productivity; the average yield of MARU1 reached 3.5 
tons/hectare compared to 1.4837 and 1.5044 tons/ha 
(in 2016/2017 and 2017/2018 growing seasons; 
respectively) (FAO, 2018). MARU1 is characterized by 
an excellent grain quality (the protein content 
reached 14%, making it excellent for the pasta and 
bread industry) and suitability to be cultivated in dry 
areas. Interestingly, MARU1 has shown its superiority 
in resistance to diseases, especially rust, besides high 
technological traits and the high generic weight of the 
grains. It is also distinguishable by early maturity, 
among other varieties evaluated. HOURANI is 
another investigated variety that was used as the local 
check. HOURANI is a local variety of drought- 
tolerant durum wheat suitable for rainfed cultivation 


in dry regions. 


Two wheat varieties were evaluated: the improved 
variety (MARU1) and the local check (HOURANIT). 
The drilling machine was used as the best wheat 
sowing method (an even distribution of seeds in the 
field, a uniform stand of wheat populations, and 
enough contact with the soil) to ensure even and 
proper germination (Noor et al., 2018). Treatments 
applied were: fertilization (four different levels: a. 
Urea + DAP; b. Urea alone; c. DAP alone and e. 
without fertilization) and weed control method (three 
levels: a. without weed control; b. the herbicide (2,4- 
D) alone; c. the herbicides (2,4-D with Antilope). 


Treatments applied 

Two varieties of wheat; the improved variety 
(MARU1) (V1) and the local check (HOURANI) (V2) 
where treated as_ follows: Four fertilization 
treatments; Urea and DAP together (F1), Urea alone 
(F2), DAP alone (F3) and without fertilizer (F4), three 
weed control treatments; without weed control (W1), 
2,4-D alone (W2) and 2,4-D+Antilope (W3), besides 


their combinations. 


Traits tested 

Grain yield (GYLD) (g.m) and biological yield 
(BYLD) (g.m-2) of the two wheat varieties tested. 
Experimental design and statistical analysis 

The experiment was arranged split-split plot in a 
randomized complete block design and replicated 
three times. The wheat varieties were randomly 
assigned to the whole plot treatments, the fertilizer 
treatments to the subplots, and the herbicides 


treatments to the sub-subplots. 


All data were statistically analyzed using the 
Statistical Analysis System STATISTICA 7.0 (StatSoft 
Inc., USA). A standard analysis of variance procedure 
for this design in randomized blocks was used to 
calculate treatment means, standard errors, and 
significant differences between treatments. 
Univariate analysis of significance for grain yield 
(GYLD) and biological yield (BYLD) was performed. A 
comparison of means was conducted using the least 


significant difference test (LSD at P (0.05). 


Results 

The presence of some critical variables, such as the 
annual rainfall (amount and distribution), number of 
rainy days and air temperature has insignificant 
effects on the prediction of wheat output (Table 2). 
During both growing seasons, univariate analysis of 
significance for both grain yield (GYLD) and 
biological yield (BYLD), and LSD tests have shown 
that all treatments applied were significant during 
both 2016-2017 and 2017-2018 growing seasons, 
including the wheat varieties tested (Table 4), weed 
control method (Table 5) and fertilization treatment 
(Table 6). 


Conventional, old practices for cereals management 
in Jordan were followed. This research is suggesting a 
new, improved high-tech. production package for 
managing durum wheat (Triticum durum desf.) 
through optimization of fertilizers, weed management 
and adoption of an improved variety in Jordan which 


represents the rain-fed agricultural systems. 


Regarding wheat variety, significant differences were 
presented between the two varieties in terms of GY 


and BY, where Marui produced more yield and have a 
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higher BY as well (Table 4). The improved variety 
(MARU1) (V1) has shown much better performance 
and a significant effect compared to the local check 
(HOURANI) (V2) in both growing seasons, especially 
during the 2017-2018 growing season where the 
grain yield was (264.09 g.m~?) for the improved 
variety compared to (165.01 g.m~2) for the local check 
with about 60% increase (Table 4). It was also shown 
that the biological yield followed the same trend where 
it was more significant for the improved variety (515.63 
and 1209.84 g.m?) compared to the local check 
(470.04 and 796.02 g.m) during 2016-2017 and 


2017-2018 growing seasons; respectively (Table 4). 


Applying both 2,4-D and Antilope to control weeds 
(for both broad-leaved and narrow-leaved weeds; 
respectively) has resulted in the highest grain yield 
during both 2016-2017 and 2017-2018 growing 
seasons irrespective of the variety and fertilization 
method (Table 5) During the 2016-2017 growing 
season, GYLD was 173.53 g.m2 when applying 2,4-D 
and Antilope together (W3), followed by 155.46 g.m? 
in case of applying 2,4-D alone (W2). This surpassed 
130.21 g.m which resulted from leaving the plot 


without weed control at all (W1) (Table 5), showing 


that the weed control method has a significant effect; 
where the application of both herbicides together 
(W3) has resulted in an increase of 11.62% in grain 
yield compared to the application of broadleaf 
herbicide alone (W2) and 33.26% increase compared 
to the grain yield if no weeding was practiced (W1). 
Similar results were obtained during the next growing 
season (2017-2018), in which a grain yield of 267.71 
gm? when applying 2,4-D and Antilope together 
(W3) was obtained. The no weed control treatment 
(W1) reported the lowest value, 171.79 g.m-? (Table 5). 
Indeed, the application of both herbicides together 
(W3) has resulted in an increase of 31.14% in grain 
yield compared to the application of broadleaf 
herbicide alone (W2) and a 55.83% _ increase 
compared to no weeding treatment (W1) (Table 5). 
Similarly, the biological yield followed the same 
scenario during both growing seasons. During the 
2016-2017 growing season, when applying 2,4-D and 
Antilope together (W3), we have obtained a biological 
yield of 540.25 g.m-2 and the lowest value (441.13 
g.m-2) had resulted when no weed control (W1) was 
practiced (Table 5). As expected, similar results were 


obtained during the 2017-2018 growing season. 


Table 2. Amount of rainfall and distribution (mm), minimum, maximum and mean air temperature (°C) in 


Quasbat Irbid, during 2016-2017 and 2017/2018 growing seasons. 


2016-2017 2017-2018 

Month Amount of Air temperature Amount of Air temperature 

rainfall Min. Max. Avg. rainfall Min. Max. Avg. 
October 2 14.73 30.11 21.94 7.6 5.1 21.6 12.4 
November 0.8 4.36 23.05 8.58 46 2.4 25.4 12.3 
December 190 4.36 13.72 8.58 159.2 1.3 19.7 9.6 
January 63.6 2.78 13.90 7.78 122.4 1.3 24.7 12.4 
February 23.2 2.39 15.86 8.70 19 7.3 19.0 12.5 
March 19.2 7.10 19.35 12.71 77.2 9.3 26.6 17.5 
April 9.8 9.28 26.46 17.53 12 15.6 32.3 24.1 
May 0.6 13.21 30.63 21.85 7 16.9 31.2 23.5 
Total 309.2 450.4 
Long-term annual 

400 400 

average 
% of long-term 77.3 1 


average 


Applying Urea and DAP together (F1) has resulted in 
a greater grain yield and biological yield during the 
2016-2017 growing season compared to the other 
fertilization treatments applied (Table 6), but the 
effect was not significant compared to applying the 


Urea alone (F2); 162.09 g.m~ and 155.70 g.m* for the 


grain yield and 544.92 g.m~? and 510.08 g.m- for the 
biological yield; respectively. However, a significant 
effect has resulted when compared with the 
remaining fertilization treatments; DAP alone (F3), 
which resulted in 147.98 g.m® grain yield and 462.42 


g.m- biological yields, and with (F4) treatment in 
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which no fertilizer was applied, and resulted in 146.49 
g.m- grain yield and 453.92 g.m® biological yields 
(Table 6). No significant effect was observed between 
the last three fertilization treatments regarding grain 
yield and the last two treatments regarding biological 
yield (Table 6). In comparison, the 2016-2017 
growing season has shown similar results regarding 


the effect of applying Urea and DAP together (F1) and 


the superiority of this treatment over other 
fertilization treatments for both grain and biological 
yields (Table 6). It has resulted in a 10.65% and 
20.04% increase compared to no fertilization (F4) 
during the 2016-2017 growing season and 69.26% 
and 35.75% increase during the 2017-2018 growing 
season regarding grain and_ biological yields; 


respectively (Table 6). 


Table 3. A comparison between conventional old practices followed by farmers and the improved high-tech. 


production package experimented 
Old practices followed by Farmers 


1. Use of deep (mould board) Plowing and without 
harrowing 
2. The used variety are not certified and are not 


sterilized(commonly use of unsterilized seeds subject crop 


to smuts) 
3. Planting date usually late (they wait for the first 


effective rain fall to control the emerged weeds by plowing 


and there planting so they miss part of limited soil 
moisture 

4. seed drillers are not common and if used are not 
calibrated for right planting depth (instead of 8cm they 
plant at 15cm depth so most of seeds are lost .most 
farmers broadcasting the seeds 

5. Seeding rate up to 20kg. 

6. use of DAP fertilizers at planting not common 


7. use of Urea is miss Practiced ,quantity and date are not 


in the optimum 


8. weed control it is commonly not use chemical control 
and if it is used not in the proper stage of weed and crop 


grass type weeds are not controlled 
g. Harvesting : many miss-practices are common: 


a. use of rented combines that pass from barley to wheat 


and from variety to variety, from infected to non- 
infected resulting in bad seed crop 


Improved high-tech. production package 

1. Use of chisel plow and harrowing. 

2. Use of certified clean and sterilized (use of 
sterilized seeds help crop to avoid smuts) 

3. Committed to the proper planting date, so take 
use of the first effective rains and allow crop to take 
fall crop cycle 

4. Use of seed drillers at the right planting depth 

5. Seeding rate 12 kg/ha 

6. Use of DAP with planting 

7. Urea fertilizer are applied in the optimum date 
and optimum quantity 

8. Monitoring weed population and applying both 
broad -leaf and narrow-leaf herbicide in the right 
time and rate 

9. Use of the proper protocol of the harvesting 
machine: cleaning before harvesting new field 
harvesting at the proper height, 

10. Harvesting at proper time of the day, use of new 
bags. 

11. The speed of machines is calibrated properly to 
prevent break down. 


b. the cutter of the combine put close to the soil surface 
(to maximize straw yield ) leading to polluting the crop 
with stones ,soil and broken seeds) 

c. Increasing the thresher speed (to ground the straw ) 
leading to high proportion of broken seed 

d. harvesting at improper time when at early morning 
leading to lost in crop (many spike have dew) 

e. use of old bags that could be polluted with other crops 
(Barley) or other wheat varieties 


In addition, the combined effect of the three factors, During the 2016-2017 growing season, the interaction 


wheat variety, weed control method, and fertilizer among these factors was only significant for the 
treatment, on both grain and biological yields was biological yield (Table 7; Fig. 2). 


also assessed (Tables 7 and 8; Figs. 2, 3 a and b). 
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Table 4. Grain yield (GYLD) (g.m-2) and Biological yield (BYLD) (g.m-2) of two wheat varieties; the improved 
variety (MARU1) (V1) and the local check (HOURANI) (V2) during 2016-2017 and 2017-2018 growing seasons 


irrespective of weed control and fertilization method* 


Variety 2016-2017 2017-2018 
growing season growing season 
Grain yield (GYLD) Biological yield Grain yield (GYLD) Biological yield 
(t ha) (BYLD) (t ha~) (BYLD) (t ha~) 
MARUi1 (V1) 1.62a 5.16a 2.64a 1.21a 
HOURANI (V2) 1.45 b 4.70 b 1.65 b 7.96 b 


*Means followed by different letters within the same category and column are significantly different at P (0.05 
using least significant difference (LSD) test. 


Table 5. Grain yield (GYLD) (t ha!) and Biological yield (BYLD) (t ha“) of two wheat varieties for three weed 
control treatments; 2,4-D+Antilope(W3),2,4-D alone (W2) and without weed control (W1) during 2016-2017 and 


2017-2018 growing seasons irrespective of the variety and fertilization method* 


Weed control treatment 2016-2017 2017-2018 
growing season growing season 
Grain yield Biological yield Grain yield Biological yield 
(GYLD) (tha?) (BYLD) (t ha) (GYLD) (t ha) (BYLD) (t ha) 
2,4-D+Antilope (W3) 1.74a 5.40a 2.68a 1.29a 
2,4-D alone (W2) 1.55 b 4.97b 2.04b 8.99 b 
without weed control (W1) 1.30¢ 4.41¢ 1.72¢C 8.23.¢ 


* Means followed by different letters within the same category and column are significantly different at P (0.05 
using least significant difference (LSD) test. 


Table 6. Grain yield (GYLD)(t ha“) and Biological yield (BYLD) (t ha“) of two wheat varieties for four fertilizer 
treatments; Urea and DAP together (F1), Urea alone (F2), DAP alone (F3) and without fertilizer (F4) during 


2016-2017 and 2017-2018 growing seasons irrespective of the variety and weed control method* 


Fertilization treatment 2016-2017 2017-2018 
growing season growing season 
Grain yield Biological yield Grain yield Biological yield 
(GYLD) (t ha~) (BYLD) (t ha+) (GYLD) (tha) | (BYLD) (t ha“) 
Urea and DAP together (F1) 1.62a 5.45 a 2.75 a 11.17 a 
Urea alone (F2) 1.56 ab 5.10a 2.34b 10.89 a 
DAP alone (F3) 1.48 b 4.62b 1.87¢ 9.83 b 
without fertilizer (F4) 1.46b 4.54 b 1.62d 8.23.¢ 


*Means followed by different letters within the same category and column are significantly different at P (0.05 


using least significant difference (LSD) test. 


The best treatment that yielded the highest value for 
the biological yield (635.00 g.m-2) was obtained using 
the improved variety (MARU1) (V1), fertilized with 
Urea and DAP together (F1), and sprayed with the 
two herbicides 2,4-D with Antilope together (W3); 
(ViF1W3) and the lowest biological yield was 
obtained )323.50 g.m-2) when the local check 
(HOURANI) (V2) was 
fertilization (F4) nor weed control (W1) were applied 
(V2F4W1) (Table 7; Fig. 2). 


planted, and _ neither 


During the 2017-2018 growing season, the interactions 
among these factors were significant for both grain and 
biological yields (Table 8; Fig. 3a&b). 


The best treatment that yielded the highest value for 
the grain yield (414.25 g.m-2) was obtained using the 
improved variety (MARU1) (V1), fertilized with Urea 
and DAP together (Fi), and sprayed with the two 
herbicides 2,4-D with Antilope together (W3). The 
lowest value for grain yield was obtained (103.80 g.m- 
2) when the local check (HOURANI) was planted, and 
neither fertilization (F4) nor weed control (W1) or 2,4- 
D alone (W2) were applied (V2F4W1 or V2F4W2) 
(Table 8; Fig. 3a) since there was no significant 
variation between these two treatments. The biological 
yield was almost affected in the same way as the grain 
yield with the highest value (1919.73 g.m-2) obtained 
when using the improved variety (MARU1) (V1), but 


Khalaf et al. 


Page 27 


Int. J. Agron. Agri. R. 


with different combinations of herbicides and 
fertilization treatments; DAP alone (F3) together with 
the herbicides 2,4-D and Antilope (W3). 


Table 7. Biological yield (BYLD) (g.m2) of two 
wheat varieties tested” as affected by four fertilization 


HHH 


treatments” and three weed control treatments’ 
during 2016-2017 growing season under rainfed 
conditions. 


Combinations of treatments Biological yield 
(BYLD) (t ha) 
ViFiW3 
V1iF1iW2 
V1iF2W3 
V1F3W3 
ViF2W2 
V2FiW3 
ViFiW1 

ViF2W1 
ViF4W3 
V2F2W3 
ViF3W2 
V2FiW2 
V2F3W3 
V2F4W3 
ViF3W1 

ViF4W2 
ViF4W1 

V2F2W2 
V2FiW1 

V2F2W1 
V2F3W2 
V2F3W1 
V2F4W2 
V2F4W1 


*Two varieties of wheat; the improved variety 
(MARU1) (V1) and the local check (HOURANID) (V2). 
**Four fertilization treatments: Urea and DAP 
together (F1), Urea alone (F2), DAP alone (F3) and 
without fertilizer (F4). 


***Three weed control treatments; 2,4-D+Antilope 
(W3), 2,4-D alone (W2) and without weed control (W1). 


—e— MARUI 
—e— HOURANI 


Biological yield (BYLD) (g.nv2) 


FAW1 FAw2 F1w3 F2W1 F2W2 F2W3 F3W1 F3W2 F3W3 FAW1 F4W2 Faw 


Combination of treatments 


Fig. 2. Performance of two wheat varieties; the 
improved variety (MARU1) (V1) and the local check 
(HOURAND) (V2) during 2016-2017 growing season 
in terms of biological yield (BYLD) (g.m-2) as affected 
by different combinations of fertilization method (F) 


and weed control method (W); where Four 


fertilization treatments were applied: Urea and DAP 
together (Fi), Urea alone (F2), DAP alone (F3) and 
without fertilizer (F4) together with three weed 
control treatments; 2,4-D+Antilope (W3), 2,4-D 
alone (W2) and without weed control (W1). 


Besides, the lowest value for biological yield was 
obtained (538.06 g.m-2) when the local check 
(HOURANI) was planted, and neither fertilization 
(F4) nor weed control (W1) or 2,4-D alone (W2) were 
applied (V2F4W1 or V2F4W2) (Table 8; Fig. 3b). As 
illustrated, other combinations have varying effects 
on both grain and biological yields. 


Indeed, a comparison between the old practices and 
the new technological package has been illustrated in 
(Table 3) below. 


Table 8. Grain yield (GYLD) (t ha) and Biological 
yield (BYLD) (t ha) of two wheat varieties tested*as 
affected by four fertilization treatments” and three 


HHH 


weed control treatments’ during 2017-2018 


growing season under rainfed conditions. 


Combinations of |Grain yield GYLD Biological yield 


treatments (t ha) (BYLD) 
(t ha*) 
V1iF1W3 4.14a 1.53 b 
ViFiW2 3.70 b 1.51b 
V1F2W3 3.39 Cc 1.33 ed 
V1iF3W3 2.87d 1.92a 
V1iF2W2 2.82d 1.06 ef 
V2F1W3 2.62e 9.70 fgh 
ViF1iW1 2.53 ef 10.33 fg 
ViF2W1 2.49 f 11.05 ef 
ViF4W3 2.30 g 12.17 de 
V2F2W3 2.308 10.70ef 
ViF3W2 2.10h 9.80 fgh 
V2F1iW2 1.951 7.84 ijk 
V2F3W3 1.921 14.01 be 
V2F4W3 1.88 i 8.53 hij 
ViF3W1 1.87 ij 10.44 fg 
ViF4W2 1.79 j 8.95 ghi 
ViF4W1 1.69k 8.89 ghi 
V2F2W2 1.63 kl 7.09 jki 
V2F1iW1 1.551 7.04 jklm 
V2F2W1 1.40 m 6.20 Imn 
V2F3W2 1.29n 7.16jkl 
V2F3W1 1.190 6.42klmn 
V2F4W2 1.05 p 5.38 n 
V2F4W1 1.04 p 5.46 mn 


*Two varieties of wheat; the improved variety 
(MARU1) (V1) and the local check (HOURANI) (V2). 
** Four fertilization treatments: Urea and DAP 
together (Fi), Urea alone (F2), DAP alone (F3) and 
without fertilizer (F4). 

*** Three weed control treatments; 2,4-D+Antilope 
(W3), 2,4-D alone (W2) and without weed control (W1). 
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Fig. 3a. Performance of two wheat varieties; the 
improved variety (MARU1) (V1) and the local check 
(HOURAND) (V2) during 2017-2018 growing season 
in terms of grain yield (GYLD) (g.m-2) as affected by 
different combinations of fertilization method (F) and 
weed control method (W); where Four fertilization 
treatments were applied: Urea and DAP together (F1), 
Urea alone (F2), DAP alone (F3) and without fertilizer 
(F4) together with three weed control treatments; 
2,4-D+Antilope (W3), 2,4-D alone (W2) and without 
weed control (W1). 


mw MARU 
=e HOURA 


Biological yield (BYLD) (g.nv?) 


FAW1 F1W2 F1W3 F2W1 F2W2 F2W3 F3W1 F3W2 F3W3 F4W1 FAW2 FAW3 


Combination of treatments 


Fig. 3b. Performance of two wheat varieties; the 
improved variety (MARU1) (V1) and the local check 
(HOURAND) (V2) during 2017-2018 growing season 
in terms of biological yield (BYLD) (g.m-) as affected 
by different combinations of fertilization method (F) 
and weed control method (W); where Four 
fertilization treatments were applied: Urea and DAP 
together (F1), Urea alone (F2), DAP alone (F3) and 
without fertilizer (F4) together with three weed 
control treatments; 2,4-D+Antilope (W3), 2,4-D 
alone (W2) and without weed control (W1). 


Discussion 

Our investigation showed that the improved variety 
(MARU1) was an outstanding wheat variety with 
much better performance and a significant effect than 
the local check (HOURANI) in both growing seasons 
studied. The novelty of the current research comes 


from the excellent and competitive wheat variety 


available to farmers in rain-fed agricultural systems. 
The interaction of genotype and environment 
describes how each variety of wheat will respond to 
different growing environments and conditions 
(Barkley et al., 2010). In Jordan, domestic wheat 
production has very high variability. Improved wheat 
varieties raised yields by 10-12 percent, generating 
produce worth about 207,000 USD and 164,000 USD 
in 2012/2013 and 2013/2014 growing seasons, 
respectively (ICARDA Communication Team, 2016). 
According to their assessment, several wheat lines 
developed by the initiative's Egyptian program have 
adapted well to rain-fed conditions in Jordan, and 
some have exceeded the grain yield of the local 
landraces, such as the local check (HOURANI) by up 
to 25 percent and certified varieties as well. The 


current investigation confirmed these findings. 


The portfolio theory of finding the best wheat variety 
with high yielding potential and risk-minimizing 
characteristics was adopted in Kansas, USA (Barkley 
et al., 2010). In the same context, the grain yield 
advantage offered by a new batch of wheat varieties, 
compared to the most popular ones in Pakistan, has 
been examined (Joshi et al., 2017). They have found 
that the participatory varietal selection (PVS) trials 
showed that nearly 50% of the newly released wheat 
varieties (CIMMYT germplasm collection) offered an 
average of 5-17% more grain and biological yields 
over the old check varieties. Our results had shown 
that the grain yield reduction was caused by replacing 
one or more of the levels of each factor tested. Indeed, 
a "blend" of seeds of different wheat varieties has 
been cultivated by wheat producers in their attempt 
to stabilize yields (Bowden et al., 2001). Carranza- 
Gallego and co-workers (2018) showed that old cereal 
varieties could be a promising climate change 
mitigation strategy in Mediterranean rainfed cereal 
cropping systems. In fact, using certified clean and 


sterilized seeds help crop to avoid smuts. 


It was essential to practice weed control in our 
experimental plots, as weed infestation has been a 
significant limitation in achieving the optimal wheat 
yields. The weed control method applied has 
significantly affected both grain and biological yields 
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in the current study. As shown in Table 5, the highest 
grain and biological yields were obtained during both 
2016-2017 and 2017-2018 growing seasons using 
2,4-D and Antilope to control both broad-leaved and 
narrow-leaved weeds, respectively. Similarly, 
integrating hand weeding with herbicide at a low dose 
compared to the weedy check has been examined on 
weed control, yield, and yield components of rainfed 
wheat cultivated in central highlands of Ethiopia 
(Amare et al., 2016). They have also shown that post- 
emergence herbicide (2, 4-D) or hand weeding could 
further reduce the harmful effects of weeds on wheat 
crops. Indeed, using of the proper protocol of 
applying both broad -leaf and narrow-leaf herbicide 
in the right time and rate and monitoring weed 


population are essential in the effective management. 


In the same context, the results obtained by Zahan 
and co-workers (2016) suggest that both wheat grain 
and biological yields could be enhanced by applying a 
combination of both pre-and post-emergence 


herbicides. 


The broadleaf herbicide (2,4-D) has been widely 
applied as an essential herbicide for weed control in 
wheat production systems (Peterson et al., 2016). It is 
a member of the chlorophenoxy chemical family. The 
chemistry, physiology, mode of action, toxicology, 
environmental behavior, and effect on ecosystem 
services have been thoroughly studied and published. 
Interestingly, particular focus has been given recently 
to the mechanisms of 2,4-D action at the molecular 
level to understand better its mode of action in 
controlling the broad-leaved weeds (Peterson et al. 
2016). However, there is a considerable shift in weed 
flora in wheat production systems worldwide 
(Chhokar et al., 2019). Farmers of Jordan are 
continuously using 2,4-D alone, which only controls 
broadleaf weeds. Under such a situation, the need to 
supplement these herbicides with other herbicide 
options for controlling narrow-leaf weeds has become 
urgently required. Antilope, a newly manufactured 
herbicide, effectively controls many narrow-leaved 
weeds, including the most harmful weed, wild oat 
fatua L), 


widespread annual and difficult to eradicate grass of 


(Avena characterized by _ being 


the family Poaceae in wheat fields. Indeed, the 
successive use of the 2,4-D herbicide has enabled the 
wild oat to dominate and adversely affect wheat 
productivity. Therefore, a combination of 2,4-D and 
Antilope could be an alternative to control diverse 
weed flora in wheat, which was executed during our 


study. 


Similarly, effective and broad-spectrum weed control 
in wheat was done using a combination of 
sulfosulfuron and pyroxsulam (Chhokar et al., 2019). 
In the same context, a study was conducted by Kaur 
and co-workers (2018) in which they have monitored 
and evaluated several herbicides and _ their 
combinations and revealed that Pendimethalin 2.5 L. 
ha together with Atlantis 400 g. ha was found to be 
the most effective in controlling the weed population, 
producing the highest number of grains per ear, and 
promoting wheat grain yield up to 62.30% over the 
weedy check. Interestingly, they have pointed out that 
the development of herbicide resistance can be 
delayed by rotating those herbicide treatments. 
However, Kailkhura and colleagues (2015) have 
pointed out that combinations of pre-emergence 
application followed by post-emergence application of 
herbicides were most effective in controlling weed 
infestation. No weed control treatment during the 
wheat growing in a study conducted by Amare and co- 
workers (2016) could cause a yield reduction of 72% 
and 72.7% in wheat yield during the 2014 and 2015 


cropping seasons, respectively. 


In the current study, planting the improved variety 
(MARU1) (V1) and fertilization with Urea+DAP 
together (F1) but changing the weed control method 
from V1F1W3 (best treatment) to ViF1W2 or V1F1W1 
(using broadleaf herbicide alone or no weed control; 
respectively) attained a reduction in grain yield of 
12% and 63.7%; respectively. These results were 
confirmed from an economic point of view; planting 
the improved variety (MARU1) (V1) and fertilization 
with Urea+DAP together (F1) along with applying 
2,4-D + Antilope (W3) resulted in 2058 USD/ha in 
comparison with 470 USD/ha if we used the 
combination of the (V2F4W1) treatment; where the 
local check (HOURANI) was planted and neither 


Khalaf et al. 


Page 30 


Int. J. Agron. Agri. R. 


fertilization (F4) nor weed control (W1) were applied 
(Al Hiary et al. 2015). Actually, fertilizers applied at 
the optimum date and optimum quantity is an 
important component of our high-tech. production 


package. 


The influence of planting the improved variety 
(MARU1) (V1) was practically proven in the field over 
the local check (HOURAND); planting the local check 
even with the best fertilization and best weed 
management practice (V2F1W3) resulted only in 1251 
USD/ha compared to 2058 USD/ha when planting 
the improved variety, as mentioned earlier. Indeed, 
the improvement of wheat varieties is based on the 
genetic variety of plants and the selection of 
outstanding individuals (Bhering et al., 2015). 

Breeders perform germplasm exploration and 
collection. They can get these genetic resources from 
gene banks and exchange them with other breeders. 
Such breeding materials are involved in successive 
breeding programs towards developing superior 
genotypes or varieties with favorable _ traits 
(Purugganan and Fuller, 2009; Kidane et al., 2017). 
In our investigation, the improved variety planted 
(MARU1) has shown, upon advanced field trials, 
higher and more stable yields and higher tolerance to 
diseases and insect pests, heat stress, and drought. 
Thus, it was used throughout our research. As 
expected, fertilization treatment in our study 
significantly affected the grain yield; were changing 
from V1F1W3 to V1F2W3, V1F3W3, or V1F4W3 (.e., 
replacing the Urea+DAP together with Urea only, 
DAP only, or no fertilization) has reduced the grain 


yield by 22.10%, 43.00% or 80.10%; respectively. 


Nitrogen fertilization significantly influenced grain 
and biological yields and components (Patanita et al., 
2019). Besides, the highest grain yield values were 
obtained in treatments with conventional nitrogen 
fertilizers (Patanita et al., 2019). In agreement with 
our findings, applying nitrogen (120 kg), P205 (60 
Kg), and K20 (40 kg) as a basal dose beside the foliar 
application of NPK with one spray of the 
micronutrient (Zn) at the grain filling stage are the 


best practice in wheat cultivation (Kumar et al., 


2018). Similarly, the response of wheat productivity 
to different nitrogen levels under rainfed conditions 
of Pakistan was reported, and maximum grain yield 
(2396.99 kg. ha™) was got at N (120 kg. ha) among 
other levels tested (Ibrahim et alo., 2019). In the 
same context, Choudhary and colleagues (2018) 
colleagues have found that the treatment of Thiourea 
(at 500 ppm) gave significantly higher values in terms 
of plant height, effective tillers, grain weight, and 
grain yield (1524 kg. ha“) compared to the control 
(1173 kg. ha“). In our study and during the 2017-2018 
growing season, the combined application of Urea 
and DAP has surpassed the grain and biological yields 
than those resulting from applying Urea alone by 
17.59% and by 46.61% resulting from applying DAP 
alone, showing the necessity of applying nitrogen 
fertilizers in mid-season to improve the grain and 


biological yields further. 


Overall, the weakness of wheat production is because 
of the lack of farmer awareness, especially about the 
wheat technical package (Elgilany et al., 2011). Al- 
Hiary (2015) showed that around 50% of farmers had 
finished high school, whereas 34% had high 
education. Indeed, NARC, together with wheat 
breeders in Jordan, have been building capacity, 
raising awareness, and encouraging farmers to 
cultivate the improved varieties, including (MARU1), 
and they planted these varieties as they realize the 
significance of these varieties in producing high yields 
of both seeds and hay. Field schools and feedback 
results from wheat farmers significantly contribute to 
wheat breeding programs in order to develop higher- 
yielding new wheat varieties with disease resistance 
characteristics to replace the old varieties as a step 
towards mitigating food security anxiety (De Vita et 
al., 2007; ICARDA, 2010; Dreisigacker et al., 2019; 
Fradgley et al., 2019). Still, wheat yield results in 
most developing countries of the CWANA region, 
including Jordan, show a considerable yield gap. 
Recent yield gap analysis at a global level showed that 
the difference between potential yield and farm yield 
in most countries, although narrowing, ranges 
between 26 and 69%, with an average of 48% (Fischer 
et al., 2014).This gap analysis included data on 
obtained upon adopting 


experimental yields 


improved agronomic management practices 
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(potential yields) and yields from traditional farmers' 
fields (Pala et al., 2011). The results of Al-Karablieh 
and co-workers (2002) concluded that it is possible to 
organize wheat production in the Irbid region using 
only rainfall and area data available in the early 
months of the growing season, therefore giving the 
policy and decision-maker enough time for economic 


arrangements. 


In addition, it has been necessary to conduct precise 
experiments to determine the best cultivation 
methods and treatments required by wheat varieties 
in different growing conditions to make suitable 
(FAO, 
Gratefully, farmers were motivated by our improved 


agronomic recommendations 2018). 
practices applied in the field trials, and they would 
like to adopt these technologies of full-package 
approach in the next coming growing seasons for 
increased income, sustainable production, and better 


livelihood. 


Conclusion 

This study highlighted the great importance of the full 
package of practices for wheat cultivation, which 
comprises using the improved variety and proper 
fertilization using DAP and Urea together and 
including the narrow-leaf with broadleaf herbicides. 
Using the full-package technology was crucial for 
improving wheat's yield potential in Jordan's rainfed 
dry land. Reduction in potential grain and biological 
yields occurred because of the missing of these 
practices, and reductions in yield were further 
exacerbated when two or more of these elements were 
not applied. Agricultural research centers must 
rapidly transfer efficient procedures to farmers to 
reduce the yield gap and achieve food security. 
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